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(54) A hydraulic circuit for running a crawler vehicle. 

(57) A hydraulic circuit for running a crawler ve- 
hicle which comprises a running frame portion 
provided with motors for running the crawler 
vehicle and an upper swive! portion turnably 
disposed on the running frame portion via a 
swivel joint Electro-magnetic proportional flow 
directional control valve (a directional control 
valves) (15) for controlling the running motors 
are disposed between the swivel joint (41) and 
the running motors (19). The number of the high 
pressure passages in the swivel joint (41) can be 
reduced, because of increase of pressure resist- 
ance, the size of the swivel joint can be small, 
and accordingly, the hydraulic circuit for run- 
ning a crawler vehicle can be inexpensive, and 
possibility for leakage of pressure oil becomes 
low. 
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TECHNICAL FIELD OF THE INVENTION 

The present invention relates to a hydraulic circuit 
for running a crawler vehicle which comprises a run- 
ning frame portion provided with motors for running 
the crawler vehicle and an upper swivel portion turn- 
ably disposed on the running frame portion via a 
swivel joint. 

As illustrated in Fig. 10, in a conventional crawler 
vehicle 1, such as a power shovel, the flow direction 
of the pressure oil in the hydraulic passage is changed 
by a control vale (not shown) which is disposed on the 
upper swivel portion located above the swivel joint, 
and the pressure oil from the control valve is passed 
through the swivel joint locating at the center of the 
swivel portion and is introduced into control valves, 
such as brake valves, which are accompanying with 
right and left running motors 3 so as to control the 
movement of the running motors 3. 

Such a conventional hydraulic circuit for running 
a crawler vehicle, such as a power shovel, has the fol- 
lowing disadvantages. 

(1) Since the control portion for controlling drive 
of the running motors are divided into two, i.e., the 
directional control valve and the control valve, 
such as the brake valves, the control system of 
the running motors is complicated. 

(2) Since the control system is divided into two, 
pressure piping for connecting the divided two 
portions is indispensable, the number of the pipes 
is at least five for the right and left running motors, 
i.e., four high pressure pipes for driving the run- 
ning motors and one drain pipe. Under the recent 
movement wherein the pressure for crawler vehi- 
cles is increasing, if the high pressure pipes and 
the swivel joint are intended to be resistant to 
such a high pressure, their cost will be enhanced. 

OBJECTS OF THE INVENTION 

Taking into consideration the disadvantages 
inherent to the conventional hydraulic circuit, the pre- 
sent invention is to achieve the following objects. 

(1) A control portion for controlling the running 
motors, which portion has been divided into two 
as described above, is disposed on the running 
frame portion, on which the running motors are 
disposed, so as to facilitate easy control of the 
running motors. 

(2) The number of pressure pipes between the 
divided control portion, i.e., between the direc- 
tional control valve and the brake valve portion, 
including that of the high pressure pipes, is mini- 
mized and the pressure resistance reliability is 
enhanced. 


SUMMARY OF THE INVENTION 

The present invention achieves the above-des- 
cribed objects by a hydraulic circuit for running a craw- 

5 ler vehicle which comprises a running frame portion 
provided with motors for running the crawler vehicle 
and an upper swivel portion tumably disposed on the 
running frame portion via a swivel joint, wherein direc- 
tional control valves for controlling the running motors 

10 are disposed between the swivel joint and the running 
motors. 

It is preferred that the directional control valves of 
the present invention are electro-magnetic flow direc- 
tional control valves provided with electro-magnetic 

15 solenoid valves. Use of such an electro-magnetic flow 
directional control valve reduces the number of the 
hydraulic pipes passing through the swivel joint, and 
accordingly, the swivel joint can be simple in its con- 
struction. Further, the electro-magnetic solenoids can 

20 be actuated by electric signals emitted from the con- 
troller so that the running motors can be electrically 
operated when an electro-magnetic flow directional 
control valve are used for directional control valves. 
The thus obtained hydraulic circuit well complies with 

25 recent computerization of crawler vehicles. 

When the directional control valves are electro- 
magnetic flow directional control valves, each electro- 
magnetic flow directional control valve may be formed 
integrally with the corresponding running motor and 

30 the brake valve accompanying therewith. 

Alternatively, the electro-magnetic flow direc- 
tional control valves may be disposed just below the 
swivel joint overlapping with the swivel joint. In this 
case, the electro-magnetic flow directional control val- 

35 ves for the right and left running motors are overlap- 
ped with each other. When the electro-magnetic flow 
directional control valves are overlapped with the 
swivel joint as described above, hydraulic piping and 
electric wiring can be simple. 

40 Further, in this case, since the electro-magnetic 

flow directional control valves are located at relatively 
high positions, troubles in electric system of a crawler 
vehicle, which is often used in damp ground, are pre- 
vented from occurring. 

45 A pair of high pressure pipes and a pair of low 

pressure pipes may be connected to each other, re- 
spectively, at a position below the swivel joint. 

Further, a pressure reducing pressure control 
valve may be disposed between the directional con- 
so trol valve and a supply pipe for the running motor 
whereby reduced and controlled pressure is intro- 
duced into the directional control valve as a control 
pressure therefor. Thus, the control portions of the 
directional control valves are enhanced in their 

55 durability and become small in their sizes. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Some embodiments of the present invention will 
now be explained with reference to the accompanying 
drawings, wherein: 

Fig. 1 is a circuit diagram of an embodiment of the 
present invention which is carried out in a hyd- 
raulic circuit for running a power shovel; 
Fig. 2 is a schematic sectional view of a swivel 
joint used in an embodiment of the present inven- 
tion; 

Fig. 3 is a schematic sectional view of a swivel 
joint used in another embodiment of the present 
invention; 

Fig. 4 is a circuit diagram of another embodiment 

of the present invention which is carried out in a 

hydraulic circuit for running a power shovel; 

Fig. 5 is a perspective view of an embodiment of 

the present invention wherein electro-magnetic 

proportional flow directional control valves are 

disposed adjacent to running motors; 

Fig. 6 is a partially crows sectioned view of an 

embodiment of the present invention wherein 

electro-magnetic proportional flow directional 

control valves are overlapped with each other and 

are disposed below a swivel joint; 

Fig. 7 is a side view of Fig. 6; 

Fig. 8 is a cross sectional view of the swivel joint 

sectioned along a line VIM-VIM in Fig. 6; 

Fig. 9 is a cross sectional view of the proportional 

directional control valve illustrated in Figs. 6 and 

7; and 

Fig. 10 is a schematic perspective view of a con- 
ventional device. 

PREFERRED EMBODIMENTS 

In Fig. 1, the present invention is carried out in a 
power shovel, and the crawler vehicle, i.e., the power 
shovel, of the present invention comprises a running 
frame portion provided with motors for running the 
crawler vehicle and an upper swivel portion turnably 
disposed on the running frame portion via a swivel 
joint. 

Although right and left wheels of a power shovel 
are usually driven by individual running motors, Fig. 1 
illustrates in detail only a hydraulic circuit for the left 
running motor, and the detailed illustration for the right 
running motor is omitted since it is similar to that for 
the left running motor. 

In Fig. 1, pressure oil sucked from an oil tank 10 
by hydraulic pumps 11 and 21 passes through a high 
pressure pipe 13 and a swivel joint 41, and further 
through a high pressure pipe 14, and then, it is sup- 
plied to an inlet port of an electro-magnetic pro- 
portional flow directional control valve 15, which is an 
embodiment of the directional control valve of the pre- 
sent invention. The high pressure pipes 13 disposed 


between the hydraulic pumps 11 and 21 and the 
swivel joint 41 have relief valves 12 and 22, as usual 
hydraulic circuit for a power shovel does. 

The outlet port of the electro-magnetic pro- 

5 portional flow directional control valve 15 is communi- 
cated with a counterbalance valve 16, piping of which 
has relief valves 17. The counterbalance valve 16 and 
the relief valves 17 as a whole constitute a so called 
brake valve 18. 

w The brake valve 18 is communicated with a run- 

ning motor 19 for driving the power shovel through a 
high pressure selecting valve 35, a pilot valve 36 and 
an actuator 37 for controlling volume of the running 
motor 19, i.e., for controlling speeds of the running 

15 motor 19 in dual modes. Further, return oil from the 
power shovel running motors 19 is returned to the oil 
tank 10 through exhaust pipes 38. 

The pilot valve 36 is controlled by the control 
pressure which is supplied from a dual speed chang- 

20 ing valve 31 disposed at an operator's seat and pro- 
vided with a manual lever 31a through a pipe 32 for 
controlling volume of the motor, so that volume of the 
power shovel running motor 19 is controlled, in other 
words, the speeds of the motor 1 9 is controlled in dual 

25 modes, i.e., the high speed mode and the low speed 
mode. 

The electro-magnetic proportional flow direc- 
tional control valve 15 is controlled by electric signals 
emitted from an appropriated means, such as a joy 

30 stick disposed on the upper swivel portion and trans- 
mitted via control wire 39 so that it controls the supply 
of the pressure oil to the power shovel running motor 
1 9, and accordingly, the forward movement, the back- 
ward movement and stop of the power shovel. 

35 Fig. 2 schematically illustrates the cross section 

of the swivel joint 41 , which is disposed between the 
running frame portion and the upper swivel portion in 
such a manner that the upper swivel portion is turn- 
able relative to the running frame portion. 

40 As illustrated in Fig. 2, the swivel joint 41 of the 

present embodiment has very minimum number of 
holes, such as, only two high pressure passages 13 
and 13, one low pressure passage (i.e., exhaust pas- 
sage) 38, the control passage 32 for volume of the 

45 motor, and a hole 40 for inserting control wires 39 for 
the electro-magnetic proportional flow directional 
control valve 15. According to the present invention, 
the number of the high pressure pipes can be dec- 
reased compared with a conventional device, and the 

so present invention has an advantage that the number 
of holes formed in the swivel joint 41 can be small. 

Further, as illustrated in Fig. 3, when the high 
pressure pipes are gathered in one, the number of 
holes formed in the swivel joint 41 can be further 

55 reduced. 

The electro-magnetic, proportional flow direc- 
tional control valve 1 5 is disposed below the swivel 
joint 41 in this embodiment, and the signal transmis- 
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sion of the electro-magnetic proportional flow direc- 
tional control valve 15 at the swivel joint portion 41 can 
be assured by using brush the collector shoe which is 
widely used in direct current motors. 

Further although the electro-magnetic pro- 
portional flow directional control valve 15 is used in 
the above-described embodiment, a directional con- 
trol valve of a hydraulic pilot operated type may be 
used in place of the electro-magnetic proportional 
flow directional control valve 15. In this case, hyd- 
raulic pressure can be supplied through the swivel 
joint 41 since the working hydraulic pressure is low, 
for example 35 Kg/cm 2 for a directional control valve 
of a hydraulic pilot operated type. 

Another embodiment will now be explained with 
reference to Fig. 4, which is roughly different from that 
of Fig. 1 in the following points; that the vertical direc- 
tion of Fig. 4 is reverse to that of Fig. 1: that both the 
hydraulic circuits for the right and left motors are illus- 
trated: that the running motor 19 in Fig. 4 is of a single 
speed mode while that in Fig. 1 can be changed be- 
tween the dual modes, i.e., the high speed mode and 
the low speed mode; and that the working hydraulic 
pressure supplied to the running motor 19 is partially 
reduced its pressure by a pressure reducing pressure 
control valve to obtain the control pressure for the 
electro-magnetic proportional flow directional control 
valve 15 in Fig. 4. 

More specifically, in fig. 4, pressure oil sucked 
from an oil tank 10 by a hydraulic pump 11 passes 
through a high pressure pipe 13 and a swivel joint 41, 
and further through a high pressure pipe 14, and then, 
it is supplied to an inlet port of an electro-magnetic 
proportional flow directional control valve 15, which 
an embodiment of the directional flow control valve of 
the present invention. The high pressure pipes 13 dis- 
posed between the hydraulic pumps 1 1 and the swivel 
joint 41 may have relief valves (not shown) similarly 
to the hydraulic circuit for a power shovel illustrated in 
Fig. 1. 

The electro-magnetic proportional flow direc- 
tional control valve 15 has two electro-magnetic sol- 
enoids 71 and 72, which are controlled in accordance 
with, for example, pulse width modulation (PWM) con- 
trol by electric signals emitted from an appropriated 
means, such as a joy stick 50 disposed on the upper 
swivel portion and transmitted via a signal wire con- 
necting device 51 of a brush the disposed on the 
swivel joint 41 and control wires 39 so that they control 
the supply of the pressure oil to the power shovel run- 
ning motor 19, and accordingly, the forward move- 
ment, the backward movement and stop of the power 
shovel. Although illustration in Fig. 4 is omitted, the 
control wire 39 passes through the swivel joint 41 
similarly to the previous embodiment. In Fig. 4, the 
control pressure for the electro-magnetic proportional 
flow directional control valve 15 is supplied from the 
high pressure pipe 14 connected to the running motor 


19 through a pressure reducing pressure control 
valve 52, and accordingly, the control portion of the 
directional control valve is enhanced in its durability 
and becomes small in its size. 

5 The outlet ports, i.e., A port 81 and and B port 82, 

of the electro-magnetic proportional flow directional 
control valve 15 are communicated with a counterba- 
lance valve 16 which is, in turn, communicated with a 
power shovel running motor 19. The oil exhausted 

w from the power shovel running motor 19 returns to an 
oil tank 10 via an exhaust pipe 38. Reference numeral 
53 in Fig. 4 designates a parking brake, which is 
actuated by a selector valve 54 when the counterba- 
lance valve 16 is in its neutral position. 

15 With regard to the arrangement of the electro- 

magnetic proportional flow directional control valve 
1 5, it may be disposed adjacent to the running device, 
i.e., brake valve and the running motor, of the crawler 
vehicle as illustrated in Fig. 5. On this occasion, the 

20 piping from the swivel joint to the electro-magnetic 
proportional flow directional control valve 15 includes 
two high pressure pipes, which are branched at a 
position below the swivel joint 41 to the running 
motors 19, and two low pressure pipes 38 from the 

25 running motors 19, which are connected to each other 
at a position below the swivel joint 41 . In the embodi- 
ment illustrated in Fig. 5, the drain passage 38 from 
the hydraulic motor 38 and the exhaust passage 38 in 
the electro-magnetic proportional flow directional 

30 control valve 15 are connected to each other within a 
case of the electro-magnetic proportional flow direc- 
tional control valve 15, and accordingly, it is unneces- 
sary to prepare a specific drain pipe. 

In another arrangement of the electro-magnetic 

35 proportional flow directional control valves 15 of the 
present invention, they are disposed just below the 
swivel joint in such a manner that they overlapped 
with each other. According to this arrangement, since 
the electro-magnetic flow directional control valves 15 

40 are located at relatively high positions, damages of 
the electro-magnetic proportional flow directional 
control valve 15 due to water and troubles in electric 
system, much as leakage of electrical control signals, 
of a crawler vehicle, which is often used in damp 

45 ground, are prevented from occurring. 

An embodiment of this type will now be explained 
with reference to Figs. 6 to 9. Fig. 6 shows a portion 
A encircled in Fig. 4. In Fig. 6, the swivel joint 41 has 
hydraulic passages formed therein. Slip rings 62, 

so which are connected to respective control wires 39 
including earth line, are disposed at the top of the 
swivel shaft 61 of the swivel joint 41. Brushes 63a, 
63b, 63c, 63d and 63e attached to the inside of the 
cylindrical chamber contact with the slip rings 62, and 

55 signals are transmitted through the contact. Refer- 
ence numerals 64 and 65 in Fig. 8 denote insulating 
materials. The above-described slip rings 62 and the 
brushes 63a ( 63b, 63c, 63d and 53e as a whole con- 
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stitute the signal wire connecting device 51. The 
swivel joint is supplied with pressure oil from the abo- 
ve-described high pressure pipe 1 3, and the pressure 
oil is supplied to the electro-magnetic proportional 
flow directional control valve 15 through the high 5 
pressure pipe 14. The return low pressure is returned 
through the low pressure pipe 38, and then it flows in 
the oil tank 10 through the swivel joint 41. Further, a 
pressure reducing pressure control valve 52 is dis- 
posed at the lowermost position of the electro-magne- 10 
tic proportional flow directional control valves 15 
which are overlapped one over the other, and in a 
block 53, it receives the pressure oil from the passage 
14, reduces a part of the working oil and introduces 
the reduced working oil as the control pressure of the 15 
electro-magnetic proportional flow directional control 
valve 15 to the C port 76 of the electro-magnetic pro- 
portional flow directional control valve 1 5 for actuating 
the right and left running motors 19 through a passage 
which is formed in the block 53 and which is not 20 
shown. 

The construction of the electro-magnetic pro- 
portional flow directional control valve 15 used in this 
embodiment will now be explained with reference to 
Fig. 9. The electro-magnetic proportional flow direc- 25 
tionai control valve 15 has two electro-magnetic val- 
ves 71 and 72, and it has two chambers, i.e., A 
chamber 73 and B chamber 70, formed at the ends 
thereof. A spool 75 is slidably in the horizontal direc- 
tion and sealingly inserted within a cylindrical portion 30 
located between the A chamber 73 and B chamber 74. 
The spool has two lands, i.e., a land 75a facing A port 
81 and a land 75b facing B port 82, and a land 75c, 
which faces P port 83 communicating with the high 
pressure pipe 14. Reference numeral 77 denotes a 35 
spool centering mechanism of a known type. 

The pressure oil reduced by the pressure reduc- 
ing pressure control valve 52 is supplied to the C port 
76. The C port is communicating with the A chamber 
73 through the electro-magnetic valve 71 and simi- 40 
lariy communicating with the B chamber 74 through 
the electro- magnetic valve 72. When the electro-mag- 
netic valve 71 is activated, the control pressure intro- 
duced from the C port 76 flows into the A chamber 73, 
and accordingly, the P port 83, with which the high 45 
pressure pipe 13 is communicating, communicates 
with the B port 82, and the T port 84 communicating 
with the tank 10 communicates with the A port 81. 
Contrary to this, when the electro-magnetic valve 72 
is activated, the control pressure introduced from the 50 
C port 76 flows into the B chamber 74, and accord- 
ingly, the P port 83, with which the high pressure pipe 
14 is communicating, communicates with the A port 
81, and the T port 84 communicating with the tank 10 
communicates with the B port 82. 55 

When the electro-magnetic valves 71 and 72 are 
activated in the foregoing manner, the direction and 
flow of the pressure oil from the electro-magnetic pro- 
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portional flow directional control valve 15 can be con- 
trolled. When the electro-magnetic valve 71 is not tur- 
ned on, the A chamber 73 communicates with the low 
pressure passage via the electro-magnetic valve 71. 
Similarly when the electro-magnetic valve 72 is not 
turned on, the B chamber 74 communicates with the 
low pressure passage via the electro-magnetic valve 
72. 

The present invention is not limited to a power 
shovel and is applicable to any types of crawler vehi- 
cles, including mini shovel, as long as the crawler ve- 
hicle comprises a running frame portion provided with 
motors for running the crawler vehicle and an upper 
swivel portion turnably disposed on the running frame 
portion via a swivel joint. 

According to the present invention, the number of 
the passages for high pressure oil within the swivel 
joint can be minimized, and because of increaae of 
pressure resistance, the size of the swivel joint can be 
small, and accordingly, the hydraulic circuit for run- 
ning a crawler vehicle, such as a power shovel, can 
be inexpensive. 

Further, according to the present invention, since 
the number of the high pressure passages can be 
small, possibility for leakage of pressure oil becomes 
low. 

In addition, when an electro-magnetic pro- 
portional flow directional control valve is used as the 
directional control valve as illustrated in the embodi- 
ments, the running motor can be directly controlled 
and safe and fine control can be achieved. 


Claims 

1. A hydraulic circuit for running a crawler vehicle 
which comprises a running frame portion pro- 
vided with motors for running the crawler vehicle 
and an upper swivel portion turnably disposed on 
the running frame portion via a swivel joint, whe- 
rein directional control valves for controlling said 
running motors are disposed between said swivel 
joint and said running motors. 

2. A hydraulic circuit for running a crawler vehicle 
according to claim 1 wherein said directional con- 
trol valves are electro-magnetic flow directional 
control valves provided with electro-magnetic val- 
ves. 

3. A hydraulic circuit for running a crawler vehicle 
according to claim 2 wherein said electro-magne- 
tic flow directional control valves are integrally 
disposed with said running motors, respectively. 

4. A hydraulic circuit for running a crawler vehicle 
according to claim 2 wherein said electro-magne- 
tic flow directional control valves are overlapped 
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with each over and disposed just below said 
swivel joint. 

5. A hydraulic circuit for running a crawler vehicle 
according to claim 2 wherein a pair of high press- 5 
ure pipes and a pair of low pressure pipes are 
connected to each other, respectively, at a posi- 
tion below the swivel joint. 

6. A hydraulic circuit for running a crawler vehicle 10 
according to claim 1 wherein a pressure reducing 
pressure control valve is disposed between said 
directional control valve and a supply pipe for said 
running motor whereby reduced and controlled 
pressure is used as a control pressure for said 15 
directional control valve. 
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FIG. 4 
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